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Background: The relationship between surgical margin and local recurrence (LR) in osteosarcoma patients with poor responses 
to chemotherapy is unclear. Moreover, the incidences of LR according to three different resection planes (bone, soft tissue, and 
perineurovascular) are not commonly known. 

Methods: We evaluated the incidence of LR in three areas. To assess whether there is a role of surgical margin on LR in patients 
resistant to preoperative chemotherapy, we designed a case (35 patients with LR) and control (70 patients without LR) study. Con- 
trols were matched for age, location, initial tumor volume, and tumor volume change during preoperative chemotherapy. 
Results: LR occurred at the soft tissues in 18 cases (51.4%), at the perineurovascular tissues in 11 cases (31.4%), and at the 
bones in six cases (17.2%). The proportion of inadequate perineurovascular margin was higher in the case group than in the con- 
trol group [p = 0.01). Within case-control group (105 patients), a correlation between each margin status and LR at corresponding 
area was found in the bone [p < 0.001 ) and perineurovascular area [p = 0.001 ). 

Conclusions: LR is most common in soft tissues. In patients showing similar unfavorable responses to chemotherapy, the losses 
of perineurovascular fat plane on preoperative magnetic resonance imaging may be a valuable finding in predicting LR. 
Keywords: Osteosarcoma, Local recurrence, Surgical margin 



It is generally accepted that osteosarcoma patients with lo- 
cal recurrence (LR) show a worse survival rate than those 
with only metastatic diseases. 1 Known predicting factors 
for LR are limb salvages with inadequate surgical margin 
and poor histologic responses to preoperative chemother- 
apy. 2 ' 6 ' 7 ' 1 However, LR is considered an expression rather 
than a factor of poor prognosis for tumors with an aggres- 
sive biologic behavior. 8) 

Recently, we reported that an increase in tumor 
volume (TV) during preoperative chemotherapy is related 
with poor histologic responses and it also is a novel pre- 
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dictor of LR in extremity osteosarcoma.^ Furthermore, 
subsequently performed cohort and case-control survival 
analysis between patients with LR and without LR sug- 
gested that LR has only a small effect on survivals among 
patients showing resistance to chemotherapy. 10) When 
considering the worse survival rates of poor responders, 
paradoxically, the limb salvage would be a preferred op- 
tion. However, the role of surgical margin of the develop- 
ment of LR in patients showing resistance to chemothera- 
py is not clear. Additionally, the incidence of LR according 
to three types of resection margin (bone, soft tissue, and 
perineurovascular) is not being addressed. Therefore, we 
subdivided the location of LR into three areas. To assess 
whether there is a role of surgical margin on LR in patients 
resistant to preoperative chemotherapy, we designed a case 
(35 patients with LR) and control (70 patients without LR) 
study. Control group was matched to the LR group for age, 
initial tumor size, location, and TV change during preop- 
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erative chemotherapy. 

We questioned 1) the prevalence of LR in these 
three areas, 2) whether there is a difference in surgical 
margins between case and control group, and 3) addition- 
ally, whether there is a relationship between surgical mar- 
gin status in these areas and LR at corresponding area in 
the case- control group. 

METHODS 

Patient Selection 

To accomplish the objectives of this study, we performed 
three analyses. The data of 98 osteosarcoma with LR and 
778 patients without LR registered from March 1990 to 
March 2009 at our institute were extracted from com- 
puterized archives. In the first analysis, we identified 35 
patients with LR (cases). Sixty- three of 98 patients who 
met the following criteria were excluded: 1) stage III at 
presentation (19 patients), 2) a history of an inadvertent 
procedure, including open reduction and internal fixation 
at a referral hospital (16 patients), 3) an axial location (13 
patients), 4) primary tumor excision at other institute (six 
patients), 5) no neoadjuvant chemotherapy due to initial 
misdiagnosis (three patients), 6) LR development at more 
than 5 years from primary tumor excision (three patients), 
7) surface osteosarcoma (two patients), and 8) a patho- 
logic fracture with diagnostic delay at presentation (one 
patient). These exclusions left 35 localized extremity os- 
teosarcoma patients that developed LR after limb salvage 
surgery. LRs were screened according to symptomatology 
or plain radiographic or bone scans. LR locations were cat- 
egorized as bones, soft tissues, or perineurovascular, and 
were confirmed using plain-radiographs and magnetic 
resonance (MR)/computed tomographic (CT) images. 



Mean follow-up of cases was 42.5 months (range, 9 to 195 
months). 

In the second analysis (case-control study), we 
selected 70 out of 410 patients who met our inclusion cri- 
teria as the control group. Control group members were 
matched with cases in terms of age, tumor size at presenta- 
tion, tumor location, and TV change after chemotherapy. 
All controls and cases received the same chemotherapeutic 
protocol initially. The mean follow-up of controls was 66.4 
months (range, 9 to 211 months). Three hundred sixty- 
eight out of 778 patients that met the following criteria 
were excluded: 1) histologic responses to preoperative 
chemotherapy was not available (84 patients), 2) have not 
completed our treatment protocol (82 patients), 3) history 
of an intralesional procedure (54 patients), 4) follow-up 
period of less than 36 months (52 patients), 5) low grade 
or atypical osteosarcoma (50 patients), 6) an axial location 
(33 patients), 7) unavailable data on preoperative volume 
change (10 patients), and 8) death not related to the dis- 
ease (three patients). 

All patients underwent staging studies, preoperative 
chemotherapy, surgery, and postoperative chemotherapy, 
and were followed as previously described. n) The factors 
assessed in the present study were: age, gender, primary 
tumor location, pathologic subtype, pathologic fracture, 
TV at presentation, pre- and postchemotherapeutic TV 
change, surgical margin, location of LR, histologic re- 
sponse to preoperative chemotherapy, and metastasis- 
free duration. TVs were calculated using MR images, as 
described by Gobel et al. 12) using the formula: TV = 0.53 x 
tumor length x tumor width x tumor depth. TV changes 
due to chemotherapy are expressed as tumor volume ra- 
tios (TVRs), which were calculated by dividing TV post- 
chemotherapy by TV prechemotherapy. Patients were as- 




Fig. 1. (A) Prechemotherapy T1 magnetic resonance imaging shows visible normal tissue plane between posterior tibial vessel and extra-osseous tumor 
mass. (B) After chemotherapy, the tumor volume increased and normal tissue plane between tumor and neurovascular bundle disappeared (inadequate 
margin in neurovascular area). (C) At 9 months postoperatively, local recurrence developed around inadequate margin of perineurovascular area. 
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signed to three groups based on TVRs. Specifically, TVRs 
of < 0.95 were classified as "decreased," TVRs between 
0.95 and 1.05 were classified as "stable," and TVRs of > 
1.05 were classified as "increased". 13) Surgical margins were 
evaluated from three areas (bones, soft tissues, and peri- 
neurovascular) of each patient. Bone and soft tissue mar- 
gins were determined using pathologic specimens whereas 
neurovascular margins were determined by preoperative 
magnetic resonance imaging (MRI). An adequate margin 
was defined as a tumor free margin of > 2 cm for bone, the 
existence of a normal soft tissue cuff enveloping the tumor 
for soft tissue, and intact perineurovascular fat plane on 
MRI for neurovascular margin (Fig. 1). Conversely, inad- 
equate margins were defined as a tumor-free margin of < 
2 cm for bones, an exposed tumor pseudo-capsule for soft 
tissues, and a neurovascular bundle abutting (loss of fat 
plane) a tumor by MRI. However, patients who showed 
neurovascular encasements ( 1 in patient with LR and 5 in 
control) on preoperative MRI were categorized as having 
adequate margins through vessel graft (1) or amputation 
(5). Tumor-free bone margins were measured using patho- 
logic specimens and minimal thickness of normal tissue 
planes between tumors and neurovascular bundles were 
measured by MRI. In 1 1 cases, a close soft tissue margin 
was defined as < 1 cm of normal tissue, and was regarded 
as adequate. The presence of metastasis was determined 
by routine plain chest radiography, computed tomography, 
and bone scan. This study was approved by our Institu- 
tional Review Board. 

Fisher exact chi-square test and the Student £-test 
were used to identify differences between patients in the 
case and control groups in terms of clinical characteris- 
tics. For the 105 patients in the case-control group (third 
analysis), the correlation between surgical margin status in 
three resection planes and LR at corresponding area was 
being assessed. Analyses were performed using SPSS ver. 
13.0 (SPSS Inc, Chicago, IL, USA), and p < 0.05 were con- 
sidered significant. 

RESULTS 

The LR rate in this study is 7.8% (35/445). The LR rate of 
upper and lower extremity in the whole cohort were 16.3% 
(8/49) and 6.8% (27/396) respectively. LRs occurred in soft 
tissues of 18 cases (51.4%), in perineurovascular tissues 
of 11 cases (31.4%) and in bones of 6 cases (17.2%). The 
clinico -pathologic characteristics of the 35 LR patients are 
summarized in Table 1. Perineurovascular LR patients had 
largest initial TV while bone LR patients had the smallest. 
Most patients (5/7) with a pathologic fracture developed 



LR in the soft tissues. More than half of the patients that 
developed LR in perineurovascular or soft tissues had 
preceding or synchronous (within 8 weeks of LR) metas- 
tasis. In terms of final outcome, patients with LR in bones 
showed a higher survival chance (67%) than patients 
with LR in soft or perineurovascular tissues (24%). LRs in 
bones tend to develop later (> 1 year from resection) than 
the LR in soft or perineurovascular tissues (p = 0.086). 

Comparison of the clinicopathologic characteris- 
tics between the 35 cases and 70 controls are summarized 
in Table 2. As expected, the cases and controls were well 
matched for age, initial TV, TVR, and location. The mean 
TVRs of cases and controls were 1.73 (range, 0.7 to 4.12) 
and 1.68 (range, 0.8 to 4.33), respectively. No significant 
difference was observed between the two groups in terms 
of bones (p = 0.29) and soft tissues (p = 0.3) surgical mar- 
gin and the proportion of good responders to preoperative 
chemotherapy (p = 0.25). The proportion of inadequate 
perineurovascular margin was low in control groups (p = 
0.01). On the final follow-up, 31 of the 35 cases (88.6%) 
and 54 of 70 control group (77.1%) developed metastasis (p 
= 0.19). 

Within case-control group, poor surgical margins 
at the bone (p < 0.001) and perineurovascular areas (p = 
0.001) were related with LR at corresponding site (Table 
3, Fig. 2). On the other hand, LR in the soft tissue was not 
related to the adequacy of surgical margin (Fig. 3). Re- 
garding bone margins, 95 patients (90.4%) were adequate 
(mean margin width, 4.2 cm; range, 2 to 10 cm) and the 
other 10 patients (9.6%) were inadequate (mean margin 
width, 0.8 cm; range, 0 to 1.7 cm). For soft tissue margins, 
84 patients (80%) were adequate and 21 patients (20%) 
were marginal. LRs developed in 14 of 84 patients (16%) 
adequate soft tissue margin. The number of LR according 
to the type of soft tissues enveloping the tumor are 1 of 13 
fascia (7.7%), 1 of 8 fat (12.5%), and 12 of 63 muscle tissue 
(19%). On the preoperative MRI, a normal perineurovas- 
cular fat plane (mean distance to tumor, 4.2 mm; range, 1 
to 20 mm) was interposed in 77 patients (73.3%) and in 
the remaining 28 patients (26.7%) neurovascular tissues 
are either abutted (22 patients, 20.9%) or encased (6 pa- 
tients, 5.8%) the tumor. 

DISCUSSION 

Although orthopedic oncologist should spare no efforts 
to prevent the LR, reports suggest a small or no survival 
gains with mutilating procedure in poor responders to 
chemotherapy. 1014) This may suggest limb salvages with 
close margin would be a favorable option for the patients 
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Table 1. Characteristics of 35 Patients According to the Location of Local Recurrences (LRs) 


Characteristic 


Bones (%) 


Soft tissues (%) 


Perineurovascular (%) 


Age(yr) 


<15 


6(100) 


7 (38.9) 


7 (63.6) 


>15 


0(0.0) 


11 (61.1) 


4(36.4) 


Gender 


Male 


4(66.7) 


12(66.7) 


8(72.7) 


Female 


2(33.3) 


6(33.3) 


3(27.3) 


Initial, mean (range) 


82.7 (47-196.5) 


154.6(9-671.5) 


216.1 (15.7-603.2) 


Tumor volume 








< 150 


5(83.3) 


14(77.8) 


4(36.4) 


> 150 


1 (16.7) 


4(22.2) 


7(63.6) 


Tumor volume ratio 


Decrease or stable 


2(33.3) 


3(16.7) 


0(0.0) 


Increase 


4(66.7) 


15(83.3) 


11 (100) 


Location 


Femur 


3(50.0) 


7(38.9) 


7(63.6) 


Tibia 


2(33.3) 


7 (38.9) 


1 (9.1) 


Humerus 


1 (16.7) 


2(11.1) 


3(27.3) 


Other 


0(0.0) 


2(11.1) 


0(0.0) 


Pathologic fracture 


Occurred 


1 (16.7) 


5(27.8) 


1(9.1) 


Not occurred 


5(83.3) 


13(72.2) 


10(90 .9) 


Pathologic subtype 


Osteoblastic 


4(66.7) 


14(77.7) 


6(54.5) 


Chondroblastic 


2(33.3) 


1 (5.6) 


2(18.2) 


Fibroblastic 


0(0.0) 


1 (5.6) 


2(18.2) 


Other 


0(0.0) 


2(11.1) 


1(9.1) 


Histologic response 


Good 


1 (16.7) 


4(22.2) 


1 (9.1) 


Poor 


5(83.3) 


14(77.8) 


10(90.9) 


Timing of metastasis 


LR only 


3(50.0) 


1 (5.5) 


0(0.0) 


LR followed by metastasis 


1 (16.7) 


6(33.3) 


5(45.4) 


Metastasis synchronous or ahead of LR 


2(33.3) 


11 (61.2) 


6(54.6) 


Final outcome 


Alive 


4(66.7) 


3(16.7) 


4(36.4) 


Dead 


2(33.3) 


15(83.3) 


7(63.6) 
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Table 2. Comparison of Clinicopathologic Characteristics of 35 Patients with Local Recurrences and 70 Control Patients 



Characteristic 




Recurred (%) 


Not recurred (%) 


p-value 


Age (yr) 


<15 


20(57.1) 


46 (65.7) 


0.392 




>15 


15(42.9) 


24(34.3) 




Gender 


Male 


24(68.6) 


54(77.1) 


0.343 




Female 


11 (31.4) 


16(22.9) 




Initial tumor volume 


< 150 


23(65.7) 


46 (65.7) 


1.000 




> 150 


12(34.3) 


24(34.3) 




Tumor volume ratio, mean (range) 




1.73 (0.70-4.12) 


1.68(0.80-4.33) 


0.688 




Decreased 


3(8.6) 


5(7.1) 


0.935 




Stable 


2(5.7) 


5(7.1) 






Increased 


30 (85.7) 


60 (85.8) 




Location 


Femur 


17(48.6) 


25(35.7) 


0.595 




Tibia 


10(28.6) 


22 (31.4) 






Humerus 


6(17.1) 


16(22.9) 






Other 


2(5.7) 


7(10.0) 




Pathologic fracture 


Occurred 


7(20.0) 


9(12.9) 


0.337 




Not occurred 


28(80.0) 


61 (87.1) 




Pathologic subtype 


Osteoblastic 


24(68.6) 


57 (81.4) 


0.291 




Chondroblastic 


5(14.2) 


9(12.9) 






Fibroblastic 


3(8.6) 


2(2.9) 






Other 


3(8.6) 


2(2.9) 




Operation type 


Amputation 


0(0) 


5(7.1) 


0.167 




Limb salvage 


35(100) 


65(92.9) 




Bone margin 


Adequate 


30 (85.7) 


65(92.9) 


0.295 




Inadequate 


5(14.3) 


5(7.1) 




Soft tissue margin 


Adequate 


26 (74.3) 


58 (82.9) 


0.301 




Inadequate 


9(25.7) 


12(17.1) 




Neurovascular margin 


Adequate 


23* (65.7) 


60* (85.7) 


0.018 




Inadequate 


12(34.3) 


10(14.3) 




Histologic response 


Good 


6(17.1) 


19(27.1) 






Poor 


29(82.9) 


51 (72.9) 




Metastasis 


Occurred 


31 (88.6) 


54(77.1) 


0.195 




Not occurred 


4(11.4) 


16(22.9) 




Total 




35(100) 


70(100) 





*0ne of 23 in local recurrence group and 5 of 60 patients in control group showed neurovascular encasement on preoperative magnetic resonance imaging and 
were treated with vessel graft (1 ) and amputation (5), respectively. 
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Table 3. Correlations between Surgical Margin Status in Three Resection Planes and Local Recurrences at Corresponding Areas of 105 Case- 
Control Patients 



Location of local recurrence (n = 35) 






Surgical margin (%) 






Adequate 


Inadequate 


p-value 


Bone 


Occurred (n = 6) 




1 (16.7) 


5(83.3) 


< 0.001 




Not occurred (n = 


= 99) 


94(94.9) 


5(5.1) 




Soft tissue 


Occurred (n = 18) 




14(77.8) 


4(22.2) 


0.754 




Not occurred (n = 


= 87) 


70(80.5) 


17(19.5) 




Perineurovascular 


Occurred (n = 11) 




4(36.4) 


7(63.6) 


0.001 




Not occurred (n = 


= 94) 


79(84.0) 


15(16.0) 






Fig. 2. (A) Initial X-ray shows diaphyseal 
osteosarcoma of tibia. (B) Intercalary 
resection resulted in marginal resection 
at proximal osteotomy site. (C) Local 
recurrence developed in the area with 
inadequate bone margins 57 months 
postoperatively. 



showing resistance to chemotherapy. Yet, if possible, the 
LR should be avoided even in poor responders. However, 
patients showing resistance to chemotherapy do not often 
develop LR after marginal resection; moreover, for pa- 
tients with LR, the actual location of LR is not necessarily 
around the weakest margin. Therefore, we analyzed the 
surgical margins of bone, soft tissue, and perineurovas- 
cular tissues separately and performed case-control study 
consisting mainly of poor responders to chemotherapy. 
Loss of perineurovascular fat plane on preoperative MRI 
was a valuable factor in predicting LR in patients with 
poor responses to chemotherapy. Though the neurovas- 
cular margin seems to be the most vulnerable area for the 
development of LR, our study indicates that LR is most 



common in the soft tissues. 

In the present study, although our pathologist exam- 
ined the surgical specimen, the adequacy of neurovascular 
surgical margin was determined by MRI which constitutes 
a study limitation. The reason why we used MRI finding 
in neurovascular area is that the intact perineurovascu- 
lar fat plane will be a last barrier before sheathing on the 
neurovascular side. Moreover, this intactness of fat plane 
cannot be easily evaluated after fixing the specimen for 
microscopic examinations. Similarly, the status of soft tis- 
sue margin was debatable with a margin of < 1 cm; how- 
ever, this would be an innate problem of Enneking system 
in which the adequacy of margin is not determined by a 
numeral distance from tumor. 
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Fig. 3. (A) Prechemotherapy T2 magnetic resonance imaging of proximal humeral osteosarcoma shows intra-compartmental lesion. (B) The tumor 
showed extra-compartmental disruption on antero-lateral side after chemotherapy. (C) Although the whole deltoid muscle layer was excised with tumor, 
recurrence developed in widely resected soft tissue areas 36 months postoperatively. 



Table 4. Comparisons with Previous Studies 



Authors 


Total 


No. 
of LR 


Histologic responses to 
preoperative chemotherapy 


LR rates according 
to surgical margins 


LR 

alone 


LR followed 
by metastasis 


Metastasis prior or 
synchronous to LR 






Good 


Poor 


Adequate 


Inadequate 


Current series 


445 


35(7.8) 


6(17.1) 


29(82.9) 


17(48.5) 


18(51.5) 


5(13) 


11(30) 


22(57) 


Grimeretal. 151 


886 


96(10.8) 


11 (11.4) 


85(88.6) 


36(38.0) 


60(62.0) 


20(20.9) 


37 (38.5) 


39(40.6) 


Nathan etal. 16) 


407 


23(6.5)* 


10(43.4) 


13(56.6) 


14(70.0)' 


6(30.0) 


8 (34.8)* 


5(21.7) 


10(43.5) 


Bacci et al. 2) 


1,126 


61 (5.4) 


22 (42.3) 


30(57.7) 


37 (60.6) 


24(39.4) 


8(13.0) 


25(32.1) 


28(54.9) 



Values are presented as number (%). 
LR: local recurrence. 

*Five of 23 cases are axial site. 'Criteria of surgical margin is positive versus negative. 'Four patients had metastasis at presentation. 



The rate of LR in our study was within reported 
ranges. The proportion of inadequate margin in LR cases 
showed relatively wide variations across the studies. 
Nevertheless, more than a half of LR patients responded 
poorly to preoperative chemotherapy. 15 ' 16) Thus, eventually, 
the fates of patient with LR were similar (Table 4). 

LR is a conjoined effect of surgical margin and his- 
tologic response. However, we hypothesized, in patients 
showing resistance to chemotherapy, LR would be a con- 
sequence to local metastasis (tumor aggressiveness) rather 
than the inadequacy of surgical margin. Therefore, we 
assumed that there would be no differences in the surgi- 
cal margin between case and control group of patients. 
Nevertheless, our analysis between surgical margin and 
LR showed contradictory findings according to the three 



resection planes. 

The presence or absence of neurovascular involve- 
ment by a tumor is an important factor when deciding 
on a limb salvage procedure. MRI can demonstrate gross 
encasement of a vessel readily, but it usually cannot differ- 
entiate mere contact, adherence or subtle invasion. When 
no tissue plane is evident between the tumor mass and the 
vessels, MRI is interpreted as showing invasions of the ves- 
sel; however, in most cases, the vessel dissection is possible 
at surgery. 17) 

Therefore, surgeons hesitate to consider this finding 
as an indication of amputation or vessel graft. Yet, in our 
case-control study, the only difference between patients 
with LR and without LR was the integrity of tissue plane 
between mass and neurovascular bundle. In an extensive 
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review by Kawaguchi et al. on the tumor barrier effects 
shown by different biologic structures, the vessel sheath 
was classified as a thin barrier. The loss of a normal tissue 
plane probably means that the barrier has been disrupted, 
and thus, it represents an important component of induc- 
ing the risk of LR. 

Regarding the bone margin, the issue is how close 
we can approach tumor to save a nearby joint or the host 
bone stock to improve longevity of implants. Although 
most surgeons accept bone margin of 2 cm, reports sug- 
gest that a margin as narrow as 6 mm of tumor-free bone 
does not increase the LR rate. 19 23) However, in our study 
which mainly consists of poor responders, a significant 
increase in the rate of bone recurrences with < 2 cm bone 
margin suggests narrow margins of < 2 cm may be hazard- 
ous. Nonetheless, because most patients with bone mar- 
gins > 2 cm did not develop bone recurrences, even for 
poor respondents, the regional tumor spread mechanisms 
in the bone did not seem to be unusual. 

As for bone margins, the soft tissue surgical margins 
can be extended freely. Therefore, conceptually, the inad- 
equate amount of soft tissues resected would be a main 
culprit for LR in this area. However, our data show no re- 
lations between the adequacy of soft tissue margin and LR 
in corresponding area. We experienced LR located away 



from initial tumor or in patients who underwent whole 
muscle compartment resections. This suggests, in the soft 
tissues, poor responders might have different local tumor 
spread mechanisms from that of good responders. It could 
be more dependent on vascular or lymphatic pathways 
rather than through direct infiltrations. 

In conclusion, of the three areas examined, the LR 
in osteosarcoma was found to be most prevalent in soft tis- 
sues. In patients showing similar unfavorable responses to 
preoperative chemotherapy, the loss of perineurovascular 
fat plane on preoperative MRI is a notable finding predict- 
ing LR. Furthermore, a bone margin of less than 2 cm is 
still risky. However, the LR in soft tissue is not predictable 
using surgical margins as presently defined. 
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